
Zeitschrift: Helvetica Physica Acta

Band: 59 (1986)

Heft: 4

Artikel: Nuclear spin polarization of hydrogen by collision with optically pumped
sodium

Autor: Wakuta, Y. / Ogura, K. / Ueno, A.

DOI: https://doi.org/10.5169/seals-115733

Nutzungsbedingungen
Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich für deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veröffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanälen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation
L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En règle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
qu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use
The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 11.12.2025

ETH-Bibliothek Zürich, E-Periodica, https://www.e-periodica.ch

https://doi.org/10.5169/seals-115733
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en


Helvetica Physica Acta 018-0238/86/040666-04$l.50+0.20/0
Vol. 59, 1986 666-669 © 1986 Birkhäuser Verlag, Basel

NUCLEAR SPIN POLARIZATION OF HYDROGEN

BY COLLISION WITH OPTICALLY PUMPED SODIUM
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Kyushu University, Nuclear Engineering Department
Fukuoka, 812 Japan

*Kyushu University, Education Department
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ABSTRACT

Theoretical calculations have been carried out which results show that the
spin-exchange collision in the low magnetic field between laser oriented
sodium and hydrogen can be used to produce nuclear spin polarized hydrogen
directly. It is shown that after making^8 collisions, more than 90% nuclear
spin polarization could be expectable. Nuclear spin polarization decreases as
the applied magnetic field increases. On the contrary, electron spin
polalization of hydrogen increases with the magnetic field.
1. Introduction

It is no exaggeration to mention that in low and medium energy
nuclear physics, the experimental data taken with unpolarized particles are
only useful for complementary to those taken with polarized particles. In
order to clarify the nuclear reaction mechanism and nuclear structure, a
wide variety of the polarized projectiles and targets with high polarization
and intensity are indispensable. There exist, however, no single polarized
source and target which can satisfy such a wide range of requirements.
Therefore, "the right sources (or targets) for the right experiments"
philosophy has been observed. So far, several polarization schemes have been
proposed and some are brought into routine operation.

The polarized ion sources based on the optical pumping method may
open a new horizon for a universal polarized ion source. High polarization
and intensity of a wide variety of polarized projectiles may become available
with rather low power laser. In the present paper we will present some
preliminary results of theoretical calculations on the obtainable nuclear
spin polarization of hydrogen by collision with the optically oriented sodium
directly in the low magnetic field.
2. Method of Calculations and Results

Knize et al'.D] have shown that laser optical pumping spin-exchange
between Rb and hydrogen atoms seems to be an efficient way of producing of
large amount of nuclear spin polarized hydrogen with moderate laser power
(-\,1 watt).

We have calculated obtainable hydrogen nuclear polarization by
spin-exchange with optically orientated sodium (Na(f) + H(J,)-> Na(J,) + H(-f)).
For the sake of simplification of the calculations, we assumed only one
substate (F 2 and mF +2) of sodium 8 hyperfine structures is completely
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populated by optical pumping.
Occupation probability of hydrogen substate n (j 1,2,3 and 4)

after the k collision can be gien by following equation

"j "fc fc fc nj"X'1 l< J J» I Po + e-1^P11 U > |2

where i and j; hydrogen substates before and after the collision
(i,j 1-4),

JL and m; sodium substates before and after the collision (J2,,m •> l-^),
P0 and V. ; the projection operators for total spin angular

momentum 0 and 1, respectively.
9^st relative phase between singlet and triplet parts of the

wave function after the collision,
n;k"1 and N^"1 ; occupation probabilities after (k-1) n collision for

hydrogen and sodium, respectively.

Table 1 shows the obtained results of the square of the matrix elements
avaraged over £st. Table 2 shows the results expressing the occupation
probabilities of four hydrogen substates after k01 collision n,k(j 1~4).

Table 1. Square of the matrix elements averaged over relative phase.
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Table 2. Occupation probabilities of hydrogen substates after k
collision.

th

%

1 1 1

2 1 0

3 1 -1

-i 0 0

,Jc-1 1 Jc-1 1 „k-1. Mk-1
(n, + ^-n2 +-^-n4 x n,

<Ìn2"1+^n2_1+'g-n4",>xN1
W
k-1

k-1
1

Tn3_1 X N1

From these results, the degree of nuclear spin polarization can be obtained
and is shown in Fig.l as a function of the number of collisions assuming
N^ 1. As can be seen from this figure, nuclear polarization increases as
the resuit of successive collision with optically oriented sodium.

Fig.2 shows another interesting results obtained from the present
calculations. Nuclear spin polarization of hydrogen becomes almost zero as
the applied magnetic field increases. On the contrary, the electron
polarization of hydrogen approaches more than 90% after several collisions
with sodium as the applied external magnetic field is increased.
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Fig.l Nuclear spin polarization
as a function of the number
of collisions.

Fig.2 Nuclear spin and electron
spin polarization of
hydrogen atom as a function
of the magnetic field.
PN; nuclear spin polarization

and Pe ; electron
spin polarization.
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3. Summary

In conclusion, we can expect very high nuclear spin polarization
directly through the spin-exchange collision if the time between spin-
exchange collision is short compared to either the spin lattice relaxation
time or the pumping time for the system. Furthermore, owing to the high spin-
exchange cross section, we will be able to obtain highly intense nuclear
spin polarized hydrogen by using relatively low power laser.
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